METHOD FOR FABRICATING SEMICONDUCTOR MEMORY DEVICE 



BACKGROUND OF THE INVENTION 



1. Field of the Invention 

The present invention relates to a method for 
fabricating a semiconductor memory device and, more 
particularly, to a method for forming trench 
isolation regions of different depths. 



2. Description of the Prior Art 

A NAND type flash memory device has a plurality of 
memory cells connected in series, with one common 
diffusion layer. Therefore, the plurality of memory 
cells share one input/output line (bit line) and 
contact . 

The NAND type flash memory device has several 
disadvantages; the random read speed is slower than a 
NOR type flash memory device and data programming and 
erasing are performed in a single unit comprising a 
plurality of cells connected in series to NAND cell 
array. However, the advantage of the NAND type flash 
memory device is the small cell area, which lowers 
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the production cost per bit. 

Recently, in the NAND type flash memory device, 
there is an attempt to deepen silicon etching depth, 
targeted to shallow trench isolation (STI), to 8OO0A. 
This method is referred to as deep trench isolation 
(DTI) . 

The conventional DTI method for fabricating 
semiconductor memory devices will be described with 
reference to annexed drawings Figs. 1A to ID. 

Referring to Fig. 1A, an STI formation region and 
a DTI formation region are defined on a semiconductor 
substrate 10. On the surface of the semiconductor 
substrate 10, a first insulating layer 11, a second 
insulating layer 12 and a third insulation layer 13 
are sequentially deposited. The first insulating 
layer 11 is a pad oxide layer, the second insulating 
layer 12 is a pad nitride layer, and the third 
insulating layer 13 is an oxide hard mask layer. 
Subsequently, a first photoresist 14 is deposited on 
the third insulating layer 13 and is exposed and 
developed to selectively pattern the photoresist. 

Referring to Fig. IB, the first insulating layer 
11, the second insulating layer 12, the third 
insulating layer 13 and the semiconductor substrate 



10 are selectively etched off by using the patterned 
first photoresist 14 as a mask, thereby forming a 
plurality of STI regions 15a, 15b. The STI regions 

15a, 15b have a depth of 2500~300oA from the surface 
of the semiconductor substrate 10. 

Referring to Fig. 1C, the patterned first 
photoresist 14 is removed and a second photoresist 16 
is deposited and selectively patterned by exposure 
and development processes to expose a DTI formation 
region. The second photoresist 16 has a thickness of 
l-3|im. 

Referring to Fig. ID, the STI region of 15b of the 
semiconductor substrate 10 is etched more deeply by 
using the patterned second photoresist 16 and the 
third insulating layer 13 as a mask, thereby forming 
a DTI region 17. The DTI region 17 has a depth of 
7000~800oA from the surface of the semiconductor 
substrate 1 0 . 

As described above, the conventional DTI process 
requires additional steps to form the hard mask 13 
and the DTI region 17 compared to the conventional 
STI process. Here, the photoresist has insufficient 
etch selectivity (0.9:1) relative to silicon. 
Therefore, the second photoresist 16 is etched off in 



silicon etch process to form the DTI region 17. As a 
result, the STI region is damaged, thereby causing 
poor operation of the semiconductor device as shown 
in a SEM photograph of Fig. 2. In order to prevent 
this problem, the third insulating layer 13 is 
employed as a hard mask in the conventional DTI 
process . 

However, the third insulating layer 13 is 
additionally formed regardless of the original 
purpose, thereby complicating the fabrication process 
and increasing the production cost. Moreover, 
interfacial disharmony between the third insulating 
layer 13 and the photoresist 14 and 16 cause pattern 
collapse, as shown in Fig. 3. 

In addition, the photoresist must have a 

predetermined thickness, approximately 1-3(1111, in order 
to etch the DTI region 17. Therefore, it has a 
disadvantage of reducing process margin when 
performing the mask process. 

SUMMARY OF THE INVENTION 

Therefore, the present invention has been made to 
solve the above problems. An object of the present 



invention is to provide a method for fabricating a 
semiconductor memory device capable of simplifying 
formation process of trench isolation regions with 
different depths and increasing mask process margin. 

In order to accomplish the above object, the 
present invention provides a method for fabricating a 
semiconductor memory device with a photoresist of 
increased etch selectivity by changing the physical 
properties of the photoresist in forming trench 
isolation regions with different depths. 

The present invention comprises the steps of: 
depositing first and second insulating layers on a 
semiconductor substrate where (STI) regions and (DTI) 
regions are defined, forming the STI region by 
selectively etching the second and first insulating 
layers and the semiconductor substrate, forming a 
photoresist to cover the STI region and curing the 
surface thereof, and forming the DTI region by using 
the cured photoresist and the second insulating layer 
as a mask. 

In the present invention, the curing step of the 
photoresist surface may include the high energy 
implantation of argon ions into the photoresist, 
preferably by employing an e-beam curing process. 



Furthermore, the implanted concentration of argon 
ions may be 1 0 12 ~ 15 cm 3 , the ion implantation energy may 
be 10~200KeV, and the energy of the e-beam curing 
process may be 1 0 0 0 ~2 0 0 OuC/cm 2 . 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figs. 1A to ID are cross - sect ional views showing a 
conventional method for fabricating a semiconductor 
memory device . 

Fig. 2 is a SEM photograph showing STI damage by a 
conventional method . 

Fig. 3 is a SEM photograph showing pattern 
collapse in a conventional method. 

Figs. 4A to 4D are cros s - sec t ional views showing a 
method for fabricating semiconductor memory device 
according to a preferred embodiment of the present 
invent ion . 



DETAILED DESCRIPTION OF THE INVENTION 



The above objects, 
advantages of the present 
apparent after reading 



and other features and 
invention will become more 
the following detailed 
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description taken in conjunction with the appended 
drawings . 

Figs. 4A to 4D are cross - sect ional views showing a 
method for fabricating a semiconductor memory device 
according to a preferred embodiment of the present 
invent ion . 

Q Referring to Fig. 4A, a STI formation region and a 
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h ® DTI formation region are defined on a semiconductor 
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;:!;! substrate 100 and first and second insulating layers 

nil 

101,102 are sequentially deposited on the surface of 
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; ; 1 the semiconductor substrate 100. For example, the 
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first insulating layer 101 is a pad oxide layer and 

W 

m the second insulating layer 102 is a pad nitride 
layer . 

Subsequently, a first photoresist 103 is deposited 
on the second insulating layer 102 and is selectively 
patterned by exposure and development process. 

Referring to Fig. 4B, the first and second 
insulating layers 101,102 and the semiconductor 
substrate 100 are selectively etched off by using the 
patterned first photoresist 103 as a mask, thereby 
forming a plurality of STI regions 104a, 104b. The STI 
regions 104a, 104b have a depth of 2500-3000 A from the 
surface of the semiconductor substrate 100. 
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The patterned first photoresist 103 is removed and, 
referring to Fig. 4C, a second photoresist 105a is 
deposited and patterned by using exposure and 
development process, thereby exposing a DTI formation 
region. The exposure process of the second 
photoresist 105a is performed by selecting one light 
source among i-ray (365nm) , KrF (248nm) and ArF 
(193nm) for a corresponding photoresist material. 

Subsequently, argon (Ar) ion implantation process 
is performed on the patterned second photoresist 105a, 
thereby curing the surface of the second photoresist 
105a. Here, the implantation concentration of argon 
ions is 10 12 ~ 15 cm 3 and ion implantation energy is 
10~200KeV. When high energy argon ions are implanted 
on the surface of the second photoresist 105a, the 
energy from the argon ions cause the photoresist 
polymers to crosslink, thereby increasing the 
hardening properties of the photoresist. Since argon 
gas is inert, it supplies only energy to the 
photoresist and since it has a high valence, it 
generates high energy. 

Instead of using argon ion implantation process, 
e-beam curing process can be employed. The e-beam 
curing process is performed by passing high energy 
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electrons through the surface of the second 
photoresist 105a to cause sudden crosslink of 
photoresist polymers and therefore, increase the etch 
resistance of the second photoresist 105. The e-beam 
curing process is performed in the energy range of 
1000~2000uC/cm 2 . The disadvantage of e-beam curing 
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Q process is the small damage generated on the upper 

Q 

HQ part of photoresist. However, the disadvantage of the 

m 

J! damage is relatively small compared to the greater 

fill 

! ';< :s advantage of increasing the etch resistance. 
H Once the surface of the second photoresist 105a is 

tj cured, the STI region (104b of Fig. 4C) fo the 
semiconductor substrate 100 is etched more deeply by 

\ y 

using the cured second photoresist 105a and the 
second insulating layer 102 as a mask, thereby 
forming a DTI region 106. The DTI region 106 has a 
depth of 7000-8000A from the surface of the 
semiconductor substrate 100. 

As described above, according to the present 
invention, it is possible to simplify the 
conventional method by skipping deposition and 
patterning process of the hard mask oxide layer. 

It is also possible to prevent pattern collapse 
due to interfacial disharmony between hard mask oxide 



9 



layer and the photoresist and to reduce the thickness 
of the photoresist to increase the mask process 
margin . 

Although the preferred embodiment of this 
invention has been disclosed for illustrative 
purposes, those skilled in the art will appreciate 
that various modifications, alterations, additions 
and substitutions are possible, without departing 
from the scope and spirit of the invention. 
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